Abstract: A one-pot hydrothermal strategy was used to synthesize Pt/GNs (PAMAM) & Pt/GNs (CS) composites. Pt nanoparticles are deposited onto graphene sheets (GNs) via synchronous reduction of K 2 PtCl 4 and graphene oxide (GO) under hydrothermal conditons without additional reducing agent. During the synthesis process, polyamidoamine (PAMAM) or chitosan (CS) was used as a template respectively to obtain shape controlled Pt particles on the surface of GNs, leading to the formation of flower-like Pt nanoclusters for Pt/GNs (PAMAM) and uniform spherical Pt nanoparticles for Pt/GNs (CS). PAMAM and CS are simultaneously served as intrinsic reducing agents to accelerate reduction process; ensuring excellent electrical conductivity of the composites. Electrochemical tests show that Pt/GNs (PAMAM) and Pt/GNs (CS) have much higher electrocatalytic activity and better stability toward methanol oxidation reaction (MOR) in comparison with counterpart Pt/GNs and the commercially available 20% Pt/C catalyst (Pt/C) due to their better dispersion of Pt particles, stronger interaction between Pt and substrate materials, and better electron transfer capability.
Introduction
Hydrothermal synthesis method is widely used to synthesize composite materials with excellent properties. Boppella et al. [1] reported the formation of oriented ZnO structures with tunable percentage of exposed polar facets via a simple hydrothermal route in aqueous base environment. Yu et al. [2] demonstrated unique hollow Pt-ZnO nanocomposite microspheres with hierarchical structure under mild solvothermal conditions. Especially, this method has an advantage for the synthesis of graphene-based nanomaterials due to the possible synchronous reduction of graphene oxide and the corresponding metal precursors [3, 4] . Lei et al. [5] have reported one-pot hydrothermal synthesis of an efficient anodic electro-photo catalyst Pt/SnO 2 /GNs (EDTA) for direct methanol fuel cell (DMFCs) applications. Li et al. [6] developed a facile hydrothermal approach to efficiently synthesize Pt-NCs/rGO composites with high shape selectivity and enhanced catalytic activity for MOR. Yun et al. [7] reported the in situ hydrothermal synthesis of 3D macroporous rGO aerogels/palladium nanoparticle hybrids for electrocatalytic applications. In these reports, they emphasized that the shapes, assembly or dispersion of as-prepared nanoparticles by hydrothermal synthesis method can significantly impact their performance. However, hydrothermal reaction is a "covert operation" and unable to intervene in the reaction process. Therefore, in order to effectively control the micro structure of the products, the raw materials must be strictly selected and the reasonable chemical reactions process needs to be predetermined. Transmission electron microscope (TEM) and high-resolution transmission electron microscope (HRTEM) images of Pt/GNs (PAMAM), Pt/GNs (CS), and Pt/GNs are shown in Figure 2 . It is found that the Pt nanoparticles in Pt/GNs (PAMAM) were mainly in the form of flower-like clusters consisting of primary nanoparticles (Figure 2A,B) , and the size of the primary particles were uniform, with the average diameter of about 5 nm as seen in the inset of Figure 2A . ThenHRTEM image in Figure 2C presents the details fringes of Pt for Pt/GNs (PAMAM). The lattice fringes with a d-spacing of 0.226 nm is attributed to the spacing of the (111) planes in face-centered cubic (fcc) Pt [28, 29] , which further suggests the zero-valent state of Pt and high crystallinity of Pt nanoparticles. Figure 2D ,E show the Pt nanoparticles of Pt/GNs (CS) are highly dispersed on the surface of GNs, mainly in the form of spherical particles. As depicted in the inset of Figure 2D , the particle size of Pt nanoparticles was very uniform, with the average diameter of about 3 nm. It should be noted that uniform and small spherical Pt nanoparticles have a significant advantage of large surface areas. Similarly, the HRTEM image in Figure 2F presents the details fringes of Pt for Pt/GNs (CS), and the lattice fringes with a d-spacing of 0.225 nm correspond to the (111) plane of fcc Pt. In contrast, Pt particles in Pt/GNs ( Figure 2G -H) are big and non-uniform, with the average diameter about 10-34 nm (the inset of Figure 2G ). Furthermore, the lattice spacing for dark Pt particles is 0.227 nm ( Figure 2I ). Obviously, the dispersity of Pt nanoparticles in Pt/GNs (PAMAM) and Pt/GNs (CS) is drastically improved compared with Pt/GNs, and their morphologies can be effectively controlled by PAMAM and CS. Transmission electron microscope (TEM) and high-resolution transmission electron microscope (HRTEM) images of Pt/GNs (PAMAM), Pt/GNs (CS), and Pt/GNs are shown in Figure 2 . It is found that the Pt nanoparticles in Pt/GNs (PAMAM) were mainly in the form of flower-like clusters consisting of primary nanoparticles (Figure 2A,B) , and the size of the primary particles were uniform, with the average diameter of about 5 nm as seen in the inset of Figure 2A . ThenHRTEM image in Figure 2C presents the details fringes of Pt for Pt/GNs (PAMAM). The lattice fringes with a d-spacing of 0.226 nm is attributed to the spacing of the (111) planes in face-centered cubic (fcc) Pt [28, 29] , which further suggests the zero-valent state of Pt and high crystallinity of Pt nanoparticles. Figure 2D ,E show the Pt nanoparticles of Pt/GNs (CS) are highly dispersed on the surface of GNs, mainly in the form of spherical particles. As depicted in the inset of Figure 2D , the particle size of Pt nanoparticles was very uniform, with the average diameter of about 3 nm. It should be noted that uniform and small spherical Pt nanoparticles have a significant advantage of large surface areas. Similarly, the HRTEM image in Figure 2F presents the details fringes of Pt for Pt/GNs (CS), and the lattice fringes with a d-spacing of 0.225 nm correspond to the (111) plane of fcc Pt. In contrast, Pt particles in Pt/GNs ( Figure 2G -H) are big and non-uniform, with the average diameter about 10-34 nm (the inset of Figure 2G ). Furthermore, the lattice spacing for dark Pt particles is 0.227 nm ( Figure 2I ). Obviously, the dispersity of Pt nanoparticles in Pt/GNs (PAMAM) and Pt/GNs (CS) is drastically improved compared with Pt/GNs, and their morphologies can be effectively controlled by PAMAM and CS. (A,B) ; Pt/GNs (CS) (D,E); Pt/GNs (G,H). Size-distribution of Pt particles in Pt/GNs (PAMAM) (the inset of (A)); Pt/GNs (CS) (the inset of (D)); Pt/GNs (the inset of (G)). HRTEM images of Pt particles in Pt/GNs (PAMAM) (C); Pt/GNs (CS) (F); Pt/GNs (I).
The shape of Pt nanoparticles on Pt/GNs (PAMAM) is different from that of the Pt nanoparticles on Pt/GNs (CS). As for Pt/GNs (PAMAM), the primary Pt nanoparticles are formed with uniform size due to the mooring role of the protonated amines in PAMAM. Meanwhile, with the template effect of the dendrimer stucture, these primary nanoparticles are connected to each other to form flowerlike nanoclusters. Similarly, CS also can be protonated under acidic conditions to greatly enhance the solubility of CS and promote polymer chain segment stretching in aqueous solution [16] , which brings about the electrostatic interaction between PtCl4 2− and protonated -NH 3+ in the polymer chain. The interaction contributes to the rapid nucleation of Pt particles after the reduction of PtCl4 2− . The rich hydroxyls in CS act as a steric hindrance agent to protect Pt particles from further aggregation [30] , resulting in the formation of uniform Pt nanoparticles. Saidi and Fichthorn have pointed out that both thermodynamics and kinetics likely played a role in the formation of these nanostructures [31, 32] . On one hand, PAMAM (or CS) can induce kinetic Pt particles shapes by regulating the relative Pt fluxes to desired facets (Pt (111) in this work) [32] . On the other hand, the freshly formed primary Pt particles are thermodynamically unstable because of their high surface energy, and they tend to aggregate driven by the minimization of interfacial energy [33, 34] . With the template of the dendrimer structure, Pt primary particles on Pt/GNs (PAMAM) are inclined to aggregate into nanoclusters; on the contrary, the rich hydroxyls in CS block Pt primary particles surface diffusion, leading to uniform spherical particles. Additionally, it is reported that organic amines can serve as a reducing agent to reduce GO into GNs [35, 36] . Therefore, PAMAM and CS should promote to reduce GO and PtCl4 2− into GNs and Pt under hydrothermal conditions, accelerating the nucleation rate of (A,B) ; Pt/GNs (CS) (D,E); Pt/GNs (G,H). Size-distribution of Pt particles in Pt/GNs (PAMAM) (the inset of (A)); Pt/GNs (CS) (the inset of (D)); Pt/GNs (the inset of (G)). HRTEM images of Pt particles in Pt/GNs (PAMAM) (C); Pt/GNs (CS) (F); Pt/GNs (I).
The shape of Pt nanoparticles on Pt/GNs (PAMAM) is different from that of the Pt nanoparticles on Pt/GNs (CS). As for Pt/GNs (PAMAM), the primary Pt nanoparticles are formed with uniform size due to the mooring role of the protonated amines in PAMAM. Meanwhile, with the template effect of the dendrimer stucture, these primary nanoparticles are connected to each other to form flower-like nanoclusters. Similarly, CS also can be protonated under acidic conditions to greatly enhance the solubility of CS and promote polymer chain segment stretching in aqueous solution [16] , which brings about the electrostatic interaction between PtCl 4 2− and protonated -NH 3+ in the polymer chain.
The interaction contributes to the rapid nucleation of Pt particles after the reduction of PtCl 4 2− . The rich hydroxyls in CS act as a steric hindrance agent to protect Pt particles from further aggregation [30] , resulting in the formation of uniform Pt nanoparticles. Saidi and Fichthorn have pointed out that both thermodynamics and kinetics likely played a role in the formation of these nanostructures [31, 32] . On one hand, PAMAM (or CS) can induce kinetic Pt particles shapes by regulating the relative Pt fluxes to desired facets (Pt (111) in this work) [32] . On the other hand, the freshly formed primary Pt particles are thermodynamically unstable because of their high surface energy, and they tend to aggregate driven by the minimization of interfacial energy [33, 34] . With the template of the dendrimer structure, Pt primary particles on Pt/GNs (PAMAM) are inclined to aggregate into nanoclusters; on the contrary, the rich hydroxyls in CS block Pt primary particles surface diffusion, leading to uniform spherical particles. Additionally, it is reported that organic amines can serve as a reducing agent to reduce GO into GNs [35, 36] . Therefore, PAMAM and CS should promote to reduce GO and PtCl 4 2− into GNs and Pt under hydrothermal conditions, accelerating the nucleation rate of Pt particles and favoring the formation of Pt nanoparticles of smaller size. Thus, PAMAM and CS not only act as a template to control the morphology of Pt nanoparticles but also serve as an intrinsic reducing agent to increase the dispersity of Pt nanoparticles. Powder X-ray diffraction (XRD) patterns of Pt/GNs, Pt/GNs (CS), and Pt/GNs (PAMAM) are shown in Figure 3A . The diffraction peaks at 40.0 • , 46.5 • , 67.8 • , 81.6 • , and 86.2 • (2θ value) can be assigned to (111), (200), (220), (311), and (222) crystalline planes of Pt (0) fcc lattice, respectively [37] , which further indicates good crystallinity and zero-valent state of Pt in the obtained three composites. The diffraction peak for Pt (220) is used to estimate the size of Pt nanoparticles with the Scherrer Equation (1) [30, 37] .
It is calculated that the average size of Pt nanoparticles in Pt/GN, Pt/GNs (CS) and Pt/GNs (PAMAM) is about 21.5, 4.0 and 5.5 nm, respectively, which are consistent with the TEM analysis. Pt particles and favoring the formation of Pt nanoparticles of smaller size. Thus, PAMAM and CS not only act as a template to control the morphology of Pt nanoparticles but also serve as an intrinsic reducing agent to increase the dispersity of Pt nanoparticles. Powder X-ray diffraction (XRD) patterns of Pt/GNs, Pt/GNs (CS), and Pt/GNs (PAMAM) are shown in Figure 3A . The diffraction peaks at 40.0°, 46.5°, 67.8°, 81.6°, and 86.2° (2θ value) can be assigned to (111), (200), (220), (311), and (222) crystalline planes of Pt (0) fcc lattice, respectively [37] , which further indicates good crystallinity and zero-valent state of Pt in the obtained three composites. The diffraction peak for Pt (220) is used to estimate the size of Pt nanoparticles with the Scherrer Equation (1) [30, 37] .
It is calculated that the average size of Pt nanoparticles in Pt/GN, Pt/GNs (CS) and Pt/GNs (PAMAM) is about 21.5, 4.0 and 5.5 nm, respectively, which are consistent with the TEM analysis. Figure 3B displays Raman spectra of Pt/GNs, Pt/GNs (CS), and Pt/GNs (PAMAM). The D band (about 1310 cm −1 ) originates from the defects in the curved graphene sheet and staging disorder, while the G band (about 1597 cm −1 ) was associated with the graphitic hexagonpinch mode [38, 39] . The ID/IG intensity ratio can be used to measure the crystalline quality of graphite or graphene via different kinds of treatment, increasing with the amount of disorder for grapheme-based materials [40] [41] [42] [43] . It is found that the values of ID/IG for Pt/GNs (PAMAM) and Pt/GNs (CS) are 1.57 and 1.62, both of which are lower than the value of ID/IG for the Pt/GNs value (1.68), indicating that the disorder degree of GNs is decreased in Pt/GNs (PAMAM) and Pt/GNs (CS). A possible reason for this is that PAMAM and CS promote GO to be reduced into GNs, in favor of the recovery of the original structure for GNs. GNs with lower degrees of disorder can maintain their good electron transfer capability and endow graphene-based composites with better catalytic performance [42, 44] . Figure 4 displays the cyclic voltammetry (CV) curves of the different composites conducted at room temperature in 0.5 M H2SO4 solution at 100 mV•s −1 . For all composites, typical hydrogen adsorption/desorption peaks and Pt oxide formation/reduction peaks can be observed. Their electrochemical surface area (ECSA) is evaluated by the integrated charge (QH) in the hydrogen adsorption region, with Equation (2) [42] .
Electrocatalysis
By calculation, it is found that the specific ECSA of Pt/GNs (PAMAM) and Pt/GNs (CS) is 117.8 m 2 •g −1 and 103.7 m 2 •g −1 , respectively, which is higher than that of Pt/GNs (47.7 m 2 •g −1 ) and commercial catalyst Pt/C (75.1 m 2 •g −1 ) ( Table 1 ). The higher ECSA of Pt/GNs (PAMAM) and Pt/GNs (CS) are Figure 3B displays Raman spectra of Pt/GNs, Pt/GNs (CS), and Pt/GNs (PAMAM). The D band (about 1310 cm −1 ) originates from the defects in the curved graphene sheet and staging disorder, while the G band (about 1597 cm −1 ) was associated with the graphitic hexagonpinch mode [38, 39] . The I D /I G intensity ratio can be used to measure the crystalline quality of graphite or graphene via different kinds of treatment, increasing with the amount of disorder for grapheme-based materials [40] [41] [42] [43] . It is found that the values of I D /I G for Pt/GNs (PAMAM) and Pt/GNs (CS) are 1.57 and 1.62, both of which are lower than the value of I D /I G for the Pt/GNs value (1.68), indicating that the disorder degree of GNs is decreased in Pt/GNs (PAMAM) and Pt/GNs (CS). A possible reason for this is that PAMAM and CS promote GO to be reduced into GNs, in favor of the recovery of the original structure for GNs. GNs with lower degrees of disorder can maintain their good electron transfer capability and endow graphene-based composites with better catalytic performance [42, 44] . Figure 4 displays the cyclic voltammetry (CV) curves of the different composites conducted at room temperature in 0.5 M H 2 SO 4 solution at 100 mV·s −1 . For all composites, typical hydrogen adsorption/desorption peaks and Pt oxide formation/reduction peaks can be observed. Their electrochemical surface area (ECSA) is evaluated by the integrated charge (Q H ) in the hydrogen adsorption region, with Equation (2) [42] . 
By calculation, it is found that the specific ECSA of Pt/GNs (PAMAM) and Pt/GNs (CS) is 117.8 m 2 ·g −1 and 103.7 m 2 ·g −1 , respectively, which is higher than that of Pt/GNs (47.7 m 2 ·g −1 ) and commercial catalyst Pt/C (75.1 m 2 ·g −1 ) ( Table 1 ). The higher ECSA of Pt/GNs (PAMAM) and Pt/GNs (CS) are obviously related to the unique morphology and uniform distribution of Pt nanoparticles, which is helpful to improve their catalytic performance [37] . and their standard deviation is less than 3%; b The onset potential is defined as the potential at which 10% of the current value at the peak potential was reached in this work [34] .
Catalysts 2016, 6, 165 6 of 13 obviously related to the unique morphology and uniform distribution of Pt nanoparticles, which is helpful to improve their catalytic performance [37] . The reproducibility of electrochemical experiment data in our work was ensured by repeated experiments, and their standard deviation is less than 3%; b The onset potential is defined as the potential at which 10% of the current value at the peak potential was reached in this work [34] . The electrocatalytic activities of as-synthesized composites for MOR were discussed by analyzing their CV curves carried out in 0.5 M H2SO4 containing 1 M CH3OH solution at a scan rate of 100 mV•s −1 (Figure 5A,B) . It can be seen from Figure 5B that the Pt/GNs (CS) and Pt/GNs (PAMAM) exhibit a mass activity (forward peak current density) of 1031 mA•mg −1 and 1203 mA•mg −1 (listed in Table 1 ), which is 2.3 and 2.6 times higher than that of Pt/C (455 mA•mg −1 ), respectively. It is observed that the onset potential value for Pt/GNs (CS) and Pt/GNs (PAMAM) is 0.36 and 0.35 V, respectively, which is lower than that for Pt/GNs (0.40 V) and Pt/C (0.45 V) (Table 1) . Lower onset potential may contribute to superior electro-catalytic activity for methanol oxidation [37, 45] . It is reported that the functional-modified graphene is in favor of inhibiting the irreversible aggregation process of Pt/graphene composites [46] . In this case, the introduction CS and PAMAM into the graphene layer may play a functional-modified role to prevent the aggregation of graphene composites, resulting in remarkably improved electrocatalytic activity.
In addition, the enhanced catalytic activity may be ascribed to the superior electric conductivities The electrocatalytic activities of as-synthesized composites for MOR were discussed by analyzing their CV curves carried out in 0.5 M H 2 SO 4 containing 1 M CH 3 OH solution at a scan rate of 100 mV·s −1 (Figure 5A,B) . It can be seen from Figure 5B that the Pt/GNs (CS) and Pt/GNs (PAMAM) exhibit a mass activity (forward peak current density) of 1031 mA·mg −1 and 1203 mA·mg −1 (listed in Table 1) , which is 2.3 and 2.6 times higher than that of Pt/C (455 mA·mg −1 ), respectively. It is observed that the onset potential value for Pt/GNs (CS) and Pt/GNs (PAMAM) is 0.36 and 0.35 V, respectively, which is lower than that for Pt/GNs (0.40 V) and Pt/C (0.45 V) (Table 1) . Lower onset potential may contribute to superior electro-catalytic activity for methanol oxidation [37, 45] . It is reported that the functional-modified graphene is in favor of inhibiting the irreversible aggregation process of Pt/graphene composites [46] . In this case, the introduction CS and PAMAM into the graphene layer may play a functional-modified role to prevent the aggregation of graphene composites, resulting in remarkably improved electrocatalytic activity.
Pt/GNs (PAMAM), Pt/GNs (CS), Pt/GNs and Pt/C in 1 M CH3OH + 0.5 M H2SO4 solution at 0.5 V are shown in Figure 5C . The diameter of semicircle at high frequencies is a measure of charge transfer resistance related to the charge transfer reaction kinetics [47] [48] [49] . Obviously, the diameters of semicircle for Pt/GNs (PAMAM) and Pt/GNs (CS) are much lower than those of Pt/GNs and Pt/C, which demonstrates that Pt/GNs (PAMAM) and Pt/GNs (CS) have lower charge transfer resistance and faster reaction rate for MOR [50] . This suggests that the introduction of PAMAM and CS can keep the good electron transfer capability of graphene-based composites to endow them with better catalytic performance. In order to directly observe their anti-poisoning ability to CO-like intermediate species, CO stripping curves of Pt/GNs (PAMAM), Pt/GNs (CS), Pt/GNs and Pt/C were measured by oxidation of pre-adsorbed and saturated CO in the 0.5 M H2SO4 solution at 100 mV•s −1 ( Figure 6A ). The peak potential of CO oxidation for Pt/GNs (PAMAM) (curve 3) and Pt/GNs (CS) (curve 2) is 0.59 and 0.64 V, respectively, which is lower than that for Pt/GNs (0.67 V) and Pt/C (0.72 V). Their more negative CO oxidation peak demonstrates that CO on Pt/GNs (PAMAM) and Pt/GNs (CS) surface is easier to oxidize and remove from the Pt surface [27] , suggesting an enhanced poisoning tolerance. The possible reasons for the greater tolerance to CO-like species are as follows: firstly, there are abundant cavities in the core of PAMAM and a large number of nitrogen-containing groups on the surface of PAMAM [51] , and CS also possesses abundant -NH2 and -OH groups on its polymer chains [52] , which results in a complex interaction between PAMAM (CS) mooring groups and Pt particles [30, 53] . The strong interaction can induce modulation in the electronic structure of Pt particles and decrease the Pt-CO binding energy to reduce the CO adsorption on Pt active sites [9, 12] . This point can be proved by Pt 4f XPS spectra analysis. As shown in Figure 1D , the binding energy of Pt 4f for Pt/GNs (PAMAM) and Pt/GNs (CS) presents a positive shift due to the introduction of PAMAM and CS, which means that the interaction between Pt and support materials is much stronger than that of their corresponding counterpart Pt/GNs [27, 29] . A higher binding energy would increase metal bond strength and reduce the potential of metal to form strong bonds with absorbed reactants, in favor of In addition, the enhanced catalytic activity may be ascribed to the superior electric conductivities of the as-synthesized composites, which can be proven by EIS analysis. The Nyquist plots of EIS for Pt/GNs (PAMAM), Pt/GNs (CS), Pt/GNs and Pt/C in 1 M CH 3 OH + 0.5 M H 2 SO 4 solution at 0.5 V are shown in Figure 5C . The diameter of semicircle at high frequencies is a measure of charge transfer resistance related to the charge transfer reaction kinetics [47] [48] [49] . Obviously, the diameters of semicircle for Pt/GNs (PAMAM) and Pt/GNs (CS) are much lower than those of Pt/GNs and Pt/C, which demonstrates that Pt/GNs (PAMAM) and Pt/GNs (CS) have lower charge transfer resistance and faster reaction rate for MOR [50] . This suggests that the introduction of PAMAM and CS can keep the good electron transfer capability of graphene-based composites to endow them with better catalytic performance.
In order to directly observe their anti-poisoning ability to CO-like intermediate species, CO stripping curves of Pt/GNs (PAMAM), Pt/GNs (CS), Pt/GNs and Pt/C were measured by oxidation of pre-adsorbed and saturated CO in the 0.5 M H 2 SO 4 solution at 100 mV·s −1 ( Figure 6A ). The peak potential of CO oxidation for Pt/GNs (PAMAM) (curve 3) and Pt/GNs (CS) (curve 2) is 0.59 and 0.64 V, respectively, which is lower than that for Pt/GNs (0.67 V) and Pt/C (0.72 V). Their more negative CO oxidation peak demonstrates that CO on Pt/GNs (PAMAM) and Pt/GNs (CS) surface is easier to oxidize and remove from the Pt surface [27] , suggesting an enhanced poisoning tolerance. The possible reasons for the greater tolerance to CO-like species are as follows: firstly, there are abundant cavities in the core of PAMAM and a large number of nitrogen-containing groups on the surface of PAMAM [51] , and CS also possesses abundant -NH 2 and -OH groups on its polymer chains [52] , which results in a complex interaction between PAMAM (CS) mooring groups and Pt particles [30, 53] . The strong interaction can induce modulation in the electronic structure of Pt particles and decrease the Pt-CO binding energy to reduce the CO adsorption on Pt active sites [9, 12] . This point can be proved by Pt 4f XPS spectra analysis. As shown in Figure 1D , the binding energy of Pt 4f for Pt/GNs (PAMAM) and Pt/GNs (CS) presents a positive shift due to the introduction of PAMAM and CS, which means that the interaction between Pt and support materials is much stronger than that of their corresponding counterpart Pt/GNs [27, 29] . A higher binding energy would increase metal bond strength and reduce the potential of metal to form strong bonds with absorbed reactants, in favor of removing the strongly adsorbed CO-like species during MOR [29] . Secondly, the protonated NH 3 + groups or -OH groups can enhance the hydrophilic properties of RGO to promote water activation [16] , and as a result, the adsorbed OH− species at the surface of Pt particles promote the oxidation of CO [30] . Chronoamperometry tests were carried out at 0.70 V for 3600 s to assess the electrocatalytic stability of different composites. As shown in Figure 6B , their current densities decay quickly during the initial minutes, which may be due to CO-like intermediate species poisoning on the Pt surface during the early stage of MOR [54] . Following this, the current densities decreased slowly and reach a quasi-stationary value after 3600 s. It was found that Pt/GNs (PAMAM) (curve 3) and Pt/GNs (CS) (curve 2) present the lower declining rate and the higher quasi-stationary current density in contrast with Pt/GNs (curve 1) and Pt/C (curve 0), suggesting an enhanced catalytic stability. The results are in agreement with CO stripping curves analysis. The superior catalytic activity and stability of Pt/GNs (PAMAM) and Pt/GNs (CS) may be related to the fact that the abundant protonated NH 3 + groups or -OH groups can effectively stabilize Pt particles against gathering, endowing Pt active sites with a stronger ability to refresh [16, 30, 51, 53] .
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removing the strongly adsorbed CO-like species during MOR [29] . Secondly, the protonated NH3 + groups or -OH groups can enhance the hydrophilic properties of RGO to promote water activation [16] , and as a result, the adsorbed OH− species at the surface of Pt particles promote the oxidation of CO [30] . Chronoamperometry tests were carried out at 0.70 V for 3600 s to assess the electrocatalytic stability of different composites. As shown in Figure 6B , their current densities decay quickly during the initial minutes, which may be due to CO-like intermediate species poisoning on the Pt surface during the early stage of MOR [54] . Following this, the current densities decreased slowly and reach a quasi-stationary value after 3600 s. It was found that Pt/GNs (PAMAM) (curve 3) and Pt/GNs (CS) (curve 2) present the lower declining rate and the higher quasi-stationary current density in contrast with Pt/GNs (curve 1) and Pt/C (curve 0), suggesting an enhanced catalytic stability. The results are in agreement with CO stripping curves analysis. The superior catalytic activity and stability of Pt/GNs (PAMAM) and Pt/GNs (CS) may be related to the fact that the abundant protonated NH3 + groups or -OH groups can effectively stabilize Pt particles against gathering, endowing Pt active sites with a stronger ability to refresh [16, 30, 51, 53] . methanol from 0.45 mL 10% PAMAM methanol solution, PAMAM was dissolved into 20 mL water and its pH was adjusted to 3 with dilute hydrochloric acid. Then 5 mL of K2PtCl4 (1 g/100 mL) were added and stirring for 30 min. After the completion of the stirring, the mixture was put into the GO solution and further sonicated for 1 h to ensure sufficient mixing, and its pH was adjusted to 3 again. Afterwards, the mixed suspension was transferred into a Teflon-lined stainless steel autoclave and reacted at 180 °C for 12 h under autogenous pressure. When hydrothermal reaction was completed, autoclave was allowed to cool naturally to room temperature. Finally, the product was purified through repeated washing and centrifugation (at 10,000 rpm for 20 min), then the black precipitate was lyophilized and Pt/GNs (PAMAM) were obtained. The Pt/GNs (CS) composite was synthesized by the same process, adjusting the pH of mixed solution to 3. For comparison, Pt/GNs was synthesized by similar procedure without addition of PAMAM or CS. Pt actual contents in the composites were determined by ICP-AES (Thermo Scientific, Pleasanton, CA, USA) with the values of 31.42% for Pt/GNs, 32.50% for Pt/GNs (CS) and 35.71% for Pt/GNs (PAMAM), respectively. Scheme 1. The synthetic route of Pt/GNs (PAMAM) and Pt/GNs (CS) composites.
Characterization
The microscopic feature and morphology of the composites were characterized by a highresolution transmission electron microscope (HRTEM, TECNAI G2, FEI, Hillsboro, OR, USA) operating at 200 K. XPS was recorded on monochromatic Al Ka radiation (1486.6 eV) using a Thermo Scientific VG ESCALAB 250 spectrometer (Thermo Scientific). XRD patterns were determined at a scanning rate of 5°•min −1 on a Philips X′ pert Pro diffractometer (PANalytical B.V., Holland, The Netherlands), using Cu Ka radiation. Raman spectra were measured through a Renishaw-invia Raman micro-spectrometer equipped with a 514 nm diode laser excitation on a 300 lines•mm −1 grating. The amount of actual Pt loading was determined using inductively coupled plasma atomic emission spectroscopy (ICP-AES, ICAP6300).
Electrochemical Measurements
Scheme 1. The synthetic route of Pt/GNs (PAMAM) and Pt/GNs (CS) composites.
Characterization
The microscopic feature and morphology of the composites were characterized by a high-resolution transmission electron microscope (HRTEM, TECNAI G2, FEI, Hillsboro, OR, USA) operating at 200 K. XPS was recorded on monochromatic Al Ka radiation (1486.6 eV) using a Thermo Scientific VG ESCALAB 250 spectrometer (Thermo Scientific). XRD patterns were determined at a scanning rate of 5 • ·min −1 on a Philips X pert Pro diffractometer (PANalytical B.V., Holland, The Netherlands), using Cu Ka radiation. Raman spectra were measured through a Renishaw-invia Raman micro-spectrometer equipped with a 514 nm diode laser excitation on a 300 lines·mm −1 grating. The amount of actual Pt loading was determined using inductively coupled plasma atomic emission spectroscopy (ICP-AES, ICAP6300).
Electrochemical Measurements
All electrochemical tests were performed with a standard three-electrode system on a CHI 660C electrochemical workstation (ChenHua, Shanghai, China) at room temperature. The three electrodes cell included an Ag/AgCl (saturated KCl) electrode as a reference electrode, a platinum column as a counter-electrode and a modified glassy carbon electrode as a working electrode. Its working electrode was modified as follows: 5 mg of catalyst were ultrasonically dispersed into 1 mL ethanol to form homogeneous ink, then 5 µL of ink were dropped onto the surface of pre-polished glass carbon electrode (3 mm in diameter). Subsequently, 7.5 µL diluted 0.5% Nafion solution was dropped to fix the samples. Cyclic voltammetry (CV) was tested in 0.5 M H 2 SO 4 or 0.5 M H 2 SO 4 + 1.0 M CH 3 OH solution at room temperature with a scan rate of 100 mV·s −1 . The CO stripping voltammograms were recorded by oxidation of preadsorbed CO (COad) in 0.5 M H 2 SO 4 solution at 100 mV·s −1 . CO gas was purged into 0.5 M H 2 SO 4 solution at a constant potential of 0.1 V for 1800 s to ensure the complete adsorption of CO onto the samples. The excess CO in the electrolyte was driven out by purging N 2 for 15 min. Chronoamperometry was conducted at 0.70 V in a solution of 0.5 M H 2 SO 4 + 1.0 M CH 3 OH for a period of 3600 s. Electrochemical impedance spectra (EIS) were performed in a solution containing 0.5 M H 2 SO 4 and 1.0 M CH 3 OH at 25 • C. Its perturbation potential was 5 mV, and the frequency ranged from 0.01 Hz to 100 kHz.
Conclusions
In summary, a one-pot hydrothermal method was used to synthesize Pt/GNs (PAMAM) and Pt/GNs (CS) composites. Under hydrothermal conditions, PAMAM and CS serve as templates to control the morphology of Pt particles, resulting in the formation of flower-like Pt nanoclusters for Pt/GNs (PAMAM) and uniform spherical Pt nanoparticles for Pt/GNs (CS). Meanwhile, PAMAM and CS play a promotion role in the reduction process to accelerate the nucleation rate of Pt particles and lead to improved recovery of the sp 2 bond for GNs. The controlled morphology of Pt nanoparticles on Pt/GNs (PAMAM) and Pt/GNs (CS) is an important driving force to improve the performance of the catalysts. The introduction of PAMAM and CS results in stronger interaction between Pt and support materials and better electron transfer capability of grapheme-based composites, which synergistically contributes to the significantly improved catalytic activity (with values of 1031 mA·mg −1 and 1203 mA·mg −1 for Pt/GNs (CS) and Pt/GNs (PAMAM), respectively), stability and CO poisoning tolerance. The study above provides a green, simple and low-cost way to improve electrocatalytic performance and enhance the effective utilization of Pt catalysts in DMFC anodic reaction.
